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UHVLVWDQFH WRK\GURJHQHPEULWWOHPHQW+RZHYHU LWSRVVHVVHV ORZ WHQVLOHDQG\LHOGVWUHQJWKVRIDQG03D
UHVSHFWLYHO\ZKLFKDUHVLPLODUWRWKRVHRI1LWURQLH1LWURQLHDQG/GHYHORSHGDQGFRPPRQO\XVHGLQRWKHU
FRXQWULHV 7R RYHUFRPH VXFK D ORZ VWUHQJWK - D K\GURJHQHPEULWWOHPHQWUHVLVWDQW SUHFLSLWDWLRQ KDUGHQLQJ
VWDLQOHVV VWHHO ZDV GHYHORSHG ZLWK D PXFK LPSURYHG WHQVLOH VWUHQJWK RI 03D )XUWKHUPRUH - KDV D KLJK
WHPSHUDWXUHSHUIRUPDQFHVLPLODUWRWKRVHRI-%.9,Q,QDQG,QDQGFDQEHXVHGDVDKLJK
WHPSHUDWXUHDOOR\/LHWDO
:LWK WKH UDSLG GHYHORSPHQW DQG SURJUHVV RI VFLHQFH DQG WHFKQRORJ\ LQ WKH QXFOHDU LQGXVWU\ DHURVSDFH








GXULQJ DJLQJ KDYLQJ D FRKHUHQW UHODWLRQVKLSZLWK D VXEVWUDWH =KDR DQG5RQJ 7KH VWUHQJWK DQGK\GURJHQ
UHVLVWDQFH SHUIRUPDQFH RI WKLV DOOR\ GHSHQG XSRQ WKH VL]H DQG GLVWULEXWLRQ RI Ȗ 
 %\ FRQWUROOLQJ WKH VL]H DQG
GLVWULEXWLRQRI Ȗ 
ZKLFKGHSHQGVRQ FRKHUHQF\ VWUDLQ DQG Ȗ 
 SDUWLFOHRUGHULQJ LW LV SRVVLEOH WR DYRLGRYHUDJLQJ
SURGXFWV6RPHRWKHUFDUELGHDQGPHWDOFRPSRXQGSKDVHVVXFKDV0&DQG1L7LȘSKDVHSUHFLSLWDWHHDVLO\ LQ
-6WXGLHVRQWKHȘSKDVHLQ)H1LEDVHGDOOR\VKDYHUHYHDOHGWKDWWKHSUHFLSLWDWLRQRIWKHFHOOXODUȘSKDVHDORQJ
WKH JUDLQ ERXQGDU\ UHVXOWV LQ K\GURJHQLQGXFHG LQWHUJUDQXODU IUDFWXUH %\ DGGLQJ D OLWWOH %RURQ LQ - WKH
SUHFLSLWDWLRQRIWKHȘSKDVHGXULQJDJLQJFDQEHVXSSUHVVHGDQGWKHFDUELGHSKDVHSUHFLSLWDWLRQEHFRPHVGRPLQDQWDW








JHQHUDWHGE\ WKHFU\VWDOOL]DWLRQPHWDOOXUJLFDO UHDFWLRQDQG WKHRWKHUNLQGNH\KROHLQGXFHGSRUHV LVJHQHUDWHGE\
WKHLQVWDELOLW\DQGFROODSVHRINH\KROHV0DQ\UHVHDUFKHUVDQGHQJLQHHUVKDYHGHYHORSHGVHYHUDOHIIHFWLYHPHWKRGV










7KH - DQG+5 VWDLQOHVV VWHHO VSHFLPHQVZLWK D WKLFNQHVV RIPPZHUH XVHG LQ WKLV VWXG\7KH FKHPLFDO
FRPSRVLWLRQRIWKH-DQG+5VSHFLPHQVDUHJLYHQLQ7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQRI-DQG+5VSHFLPHQVZW
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7KHR[LGHOD\HUVRIWKHVSHFLPHQVZHUHUHPRYHGE\PDQXDOSROLVKLQJ7KHVXUIDFHRIWKHVSHFLPHQVZDVFOHDQHG
ZLWKDFHWRQHEHIRUHZHOGLQJWRUHPRYHFRQWDPLQDWLRQV3ULRUWRWKHODVHUZHOGLQJWKH-VSHFLPHQVZHUHSUHSDUHG
E\ WZR W\SHV RI KHDW WUHDWPHQWV RQH ZDV VROXWLRQLVHG DQG WKH RWKHU ZDV VROXWLRQLVHG DQG DJHG WUHDWPHQW 7KH
ZHOGHGMRLQWVXQGHUWKHDVZHOGHGFRQGLWLRQVZHUHXVHGIRUH[DPLQLQJWKHPLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHV
2.2. Experimental procedures 
$&2FRQWLQXRXVZDYHODVHU'&ZLWKDPD[LPXPODVHUSRZHURIN:ZDVXVHGLQWKHH[SHULPHQWV7KH
ODVHUEHDPZDVIRFXVHGRQWKHZRUNSLHFHVXUIDFHXVLQJDOHQVRIPPIRFDOOHQJWK7KLVLVQRWYHU\FOHDU'R\RX




FDPHUDZDVHYHQKLJKHUDW ORZHU UHVROXWLRQV$ ILEUH ODVHUZLWKDZDYHOHQJWKRIQPDQGDPD[LPXPRXWSXW
SRZHURI:ZDVHPSOR\HGDVWKHLOOXPLQDWLRQVRXUFHWRREWDLQWKHGHVLUHGLPDJHVRIWKHPROWHQSRRO


















7KHPLFURVWUXFWXUH RI WKH EDVHPDWHULDO RI+5ZDV FKDUDFWHULVHGE\ WKH REYLRXV DXVWHQLWH JUDLQ ERXQGDULHV DV
VKRZQ LQ)LJ D7KHFROXPQDUFU\VWDOV JUHZHYLGHQWO\SHUSHQGLFXODU WR WKH IXVLRQ OLQHEHWZHHQ WKH+5EDVH
PHWDODQGWKHIXVLRQ]RQHV)LJE7KHJURZWKFROXPQDUFU\VWDOPHWDWWKHFHQWUDOSRUWLRQRIWKHIXVLRQ]RQH7KH
HTXLD[LDOFU\VWDOVZHUHIRXQGLQWKHWRSSDUWRIWKHIXVLRQ]RQHIRUDEHWWHUDLUFRROLQJFRQGLWLRQWKURXJKWKHZHOG








3.2. Macrostructure & weld shapes 
7KH FURVVVHFWLRQDO PDFURVWUXFWXUHV RI WKH +5 DQG - VDPSOHV ODVHUZHOGHG DW GLIIHUHQW OLQH HQHUJLHV DQG
GLIIHUHQWZHOGLQJSRVLWLRQVDUHVKRZQLQ)LJ,WZDVREVHUYHGWKDWWKHFURVVVHFWLRQVKDSHVRIWKHZHOGHGMRLQWV
GHSHQGHG JUHDWO\ RQ WKH OLQH HQHUJLHV 7KH ZHOG ZLGWK DW WKH WRS VXUIDFH DQG XSSHU SDUW RI WKH ZHOGHG MRLQWV
LQFUHDVHGZLWK WKHJURZWKRI OLQH HQHUJ\ DW WKH* IURP)LJ  DZLWKKLJKHUSRZHU DQG VSHHG WR)LJ EZLWK
KLJKHUSRZHUDQGVSHHGDQG*IURP)LJVFDQGGSRVLWLRQVZKLOHWKHZHOGZLGWKDWWKHERWWRPVLGHDQGORZHU
SDUWUHPDLQHGFRQVWDQW7KHVHZHOGSURILOHVPD\EHDVVRFLDWHGZLWKWKHGZHOOWLPHIORZEHKDYLRXUVRIWKHPROWHQ
SRRO DQGGLIIHUHQWNH\KROH VKDSHV7KHKLJKHU OLQHHQHUJ\DQG ORQJHUGZHOOWLPHRI WKHPROWHQSRRO OHDG WRKHDW
WUDQVIHUWRWKHIDUWKHUDUHDVE\WKHFRQYHFWLRQRIWKHOLTXLGPHWDODQGVXEVHTXHQWVROLGLILFDWLRQWRDELJJHUµFDS¶RI
ZHOGMRLQWV
7KH ZHOG FURVVVHFWLRQ SURILOH ZDV V\PPHWULF DW ORZHU OLQH HQHUJLHV DQG DW WKH * SRVLWLRQ ZKLOH LW ZDV
DV\PPHWULFDWKLJKHUOLQHHQHUJLHV7KLVFDQEHDWWULEXWHGWRWKHHQKDQFHGHIIHFWVRIJUDYLW\RIWKHPROWHQSRROIRU
ORQJHUGZHOOWLPHRIWKHOLTXLGPHWDO
410   Xianfeng Shen et al. /  Physics Procedia  83 ( 2016 )  406 – 416 
























































PDWHULDOVZKLFK LV VLPLODU WR(1+RZHYHU WKHKLJK OLQH HQHUJLHV OHG WR DQ LQFUHDVHGSRURVLW\ UDWH DQG D
GHWHULRUDWHGZHOGDSSHDUDQFHDVVKRZQLQ)LJVFDQGI6XFKWUHQGVFDQEHDVVRFLDWHGZLWKWKHIDFWWKDWWKHKLJK




7KHYHUWLFDOXSDQGYHUWLFDOGRZQSRVLWLRQ ODVHUZHOGLQJ WHVW UHVXOWVVKRZHGVLPLODU WUHQGVZLWK WKH LQFUHDVLQJ
OLQHHQHUJ\DWWKH*DQG*SRVLWLRQV)LJ7KHIXOOSHQHWUDWLRQRIPPWKLFN+5DQG-ZDVREWDLQHGZLWK
WKUHHGLIIHUHQWSURFHVVSDUDPHWHUVQDPHO\ WKH ORZ OLQHHQHUJ\SRZHU :DQGVSHHG PPPLQDV
VKRZQLQ)LJVDDQGGPHGLXPOLQHHQHUJ\SRZHU DQGVSHHG DVVKRZQLQ)LJVEDQGHDQG
KLJKOLQHHQHUJ\SRZHU DQGVSHHG DVVKRZQLQ)LJFDQGI7KHPHGLXPOLQHHQHUJ\LVSUHIHUUHG
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8VLQJHOHFWURQEHDPZHOGLQJ

7KH WHQVLOH WHVWV ZHUH FRQGXFWHG DFFRUGLQJ WR WKH VWDQGDUG*%7  7HQVLOH WHVW PHWKRG RQZHOGHG
MRLQWVVLPLODUWR,62ZLWKDJDXJHOHQJWKRIPP7KHEHQGWHVWVZHUHFRQGXFWHGDFFRUGLQJWRWKH
VWDQGDUG *%7  %HQG WHVW PHWKRG RQ ZHOGHG MRLQWV VLPLODU WR ,62   DQG WKH &KDUS\






3.6. Porosity at different penetration statuses 
7KHSHQHWUDWLRQVWDWXVLQODVHUZHOGLQJKDVJUHDWLQIOXHQFHRQWKHSRURVLW\RIZHOGHGMRLQWV)LJ7KHZHOGHG
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DQG ORZVSHHG KLJK OLQHHQHUJ\7KH ODVHUZHOGLQJDW WKH**DQG*SRVLWLRQV UHVXOWHG LQD IRUFHEDODQFH










4.2. Effects of penetration status on porosity 
7KHSRURVLW\UDWHVIRUODVHUZHOGLQJDWGLIIHUHQWSHQHWUDWLRQVWDWXVHVGHPRQVWUDWHWKDWWKHZHOGHGMRLQWVZLWKIXOO
SHQHWUDWLRQKDG WKHPLQLPXPSRURVLW\ WKHZHOGHG MRLQWVZLWK SDUWLDO SHQHWUDWLRQKDGPRGHUDWH SRURVLW\ DQG WKH
ZHOGHGMRLQWVZLWKLQWHUPLWWHQWSHQHWUDWLRQKDGWKHPD[LPXPSRURVLW\




SRUHV VXFK WKDW PRUH SRUHV UHPDLQ LQ WKH ZHOG ZLWK WKH ORQJHU SDWK 7KH PDLQ GLIIHUHQFH EHWZHHQ GLIIHUHQW
SHQHWUDWLRQVWDWXVHVLVWKHEDODQFHRIWKHNH\KROHVZKLFKOHDGVWRWKHDERYHWKUHHIDFWRUV
7KHEDODQFHRIWKHSUHVVXUHVLQNH\KROHVFDQEHH[SUHVVHGDVIROORZV2ODDQG'RHUQ




RI WKH NH\KROH WHQG WR FORVH WKH NH\KROHV 7KH NH\KROH DQGPROWHQ SRROV GXULQJ WKH ODVHU ZHOGLQJ DW GLIIHUHQW
SHQHWUDWLRQVWDWXVHVDUHVKRZQLQ)LJ
 







ZKHQ WKHPROWHQSRRO UHDFKHG WKHEDFNVLGHRI WKHZHOGDW WKH LQWHUPLWWHQWSHQHWUDWLRQ WKHGHSWKRI WKHNH\KROHV
UHDFKHG WKHPD[LPXPYDOXHDQGKDGDVPDOOH[LWDW WKHEDFNVLGHZKLFK UHVXOWHG LQ WKH UHGXFHG P WKHJUDGLHQW
SUHVVXUH%HFDXVHRI VXFKD ORZP WKH OHIW VLGH LQ(TXDWLRQ FDQQRW VXSSRUW WKHPȖDQGK\GURVWDWLFSUHVVXUH 
ȡOgh7KLVFORVHVWKHRSHQNH\KROHDQGOHDGVWRDGHDGHQGNH\KROH0RUHRYHUWKHUHGXFHGǻPFDQQRWULVHUDSLGO\









 7KH SRURVLW\ UDWHV LQ ODVHUZHOGLQJ RI+5 DQG -ZHUH FRPSDUHGZLWK HDFK RWKHU DW WKH * * DQG
YHUWLFDOXS DQG YHUWLFDOGRZQ * SRVLWLRQV 7KH ZHOGLQJ SRVLWLRQV KDG DQ HYLGHQW LQIOXHQFH RQ WKH ZHOGLQJ
DSSHDUDQFHRQO\DWKLJKOLQHHQHUJLHVIRUWKHHVVHQWLDOHIIHFWRIJUDYLW\RIWKHODUJHUDQGORQJHUGZHOOLQJPROWHQSRRO












&KLQD 16)& XQGHU JUDQG1R DQG WKH NH\ SURMHFW RI GHYHORSPHQW IRXQGDWLRQ RI &KLQD$FDGHP\ RI
(QJLQHHULQJ3K\VLFV&$(3XQGHUJUDQG1R$
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5HIHUHQFHV
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